A device for the decontamination of large numbers of infected eggs which remain as by-products of vaccine production is described. Homogenates of infected eggs were heated to 60°C and maintained at that temperature for 3 h in a specially constructed recirculation tank. The infectivity of all detectable influenza viruses and more than 99% of the bacteria associated with the homogenates was destroyed by this procedure. Eggshell material was separated from the proteins present in the homogenate at the end of the heating cycle by means of a cyclone separator. The proportions of all the amino acids, except eystine, in the proteins remaining in the suspension after the heating cycle were similar to that normally present in whole embryos.
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The disposal of large numbers of infected eggs is an acute problem for manufacturers of egg-grown viral vaccines. In our own institution, up to 30,000 embryonated eggs may be processed daily during the production of influenza vaccines.
Until recently, infected eggs from our production facility were disposed of by incineration. However, because of the large volumes of material involved, that method is both imnpractical and uneconomical. We describe here a device which decontaminates large numbers of infected eggs in suspension and then facilitates the separation and recovery of different fractions which have potential for use as animal feedstocks. The economics of the process is compared with that of incinceration.
MATERIALS AND METHODS
Description of the apparatus and its mode of action. A diagram of the decontamination device is shown in Fig. 1 . The large tank is constructed from type 316 stainless steel. Eggs are discarded from the vaccine-processing plant located on the level above the tank through a chute into a homogenizer (Wastemaster model SS75-14, 0.56 kW; In-Sink-Erator Division, Emerson Electric Co., Racine, Wis.). Water is fed into the Wastemaster at inlet valve Vi at a rate of 2 liters min-1, and the slurry enters the decontamination tank at V2. The tank is filled to a final volume of 2,630 liters, comprising 600 liters of water and a maximum of 2,030 liters of egg homogenate. The latter figure is equivalent to a homogenate of 35,000 embryos (see below). When recovery of the protein in suspension is required, no further water is added; when the suspension is to be discarded as effluent, the volume is increased to 6,000 liters through V2 before heating.
Addition of water begins automatically. When the required level is reached, the input ceases and stirring begins. The stirrer is a 30-cm propeller rotating at 412 rpm and powered by a 2.2-kW motor (Indeng Pty. Ltd., West Footscray, Victoria, Australia). The contents of the tank are heated by hot water at 75°C, supplied from a colorifier (C and C Metal Industries Pty. Ltd., Box Hill, Victoria, Australia) located nearby, circulating through the jacket at the base of the tank. The colorifier is a shell-and-tube heat exchanger which supplies circulating hot water to heat the contents of the egg waste unit. The output of this colorifier is 103 kW at a tube side steam temperature of 175°C. Hot water enters the jacket via valve V4 and is returned to the colorifier via valve V3. The temperature of the slurry is monitored by probes on the side of the tank.
To ensure that the contents of the external piping and pump are held at the temperature of inactivation, the contents of the tank are pumped (Fristam [F. Stamp KG, Hamburg, Federal Republic of Germany]; 0.37 kW, 1,500 rpm; 5,000 liters h-' at 5-m head) back to the top of the tank from the outlet in the bottom. Outlet valve Vll was used for the collection of samples in the present study.
After heating ceases, cooling water is circulated in the tank jacket, valve V6 is closed, and valves V5, V7, and V8 are opened. Throughout the cooling stage, the egg waste is recirculated via a cyclone separator to remove most of the particulate eggshell material. A standard cyclone configuration was used (5) .
When the temperature of the main tank has fallen to 40°C, valves V7 and V8 are closed and valves V9 and V10 are opened. Eggshell material continues to be collected through the cyclone as the egg protein suspension is sent for recovery. When the main tank is empty, as indicated by a flow switch (F.S.) located at the bottom outlet of the tank, the stirrer and pump stop simultaneously. The particulate shell material is then flushed from the shell receiver for recovery. A photograph of the complete apparatus is shown in Fig. 2 Virus inactivation trials. The kinetics of inactivation of unrecovered virus associated with the homogenates were studied in two production runs. In the first run (A), influenza strain B/Hong Kong/8/73 was grown in 15,000 embryos, which were combined with 5,000 unharvested embryos. 34°C. Plaques could be visualized by indirect light and were counted without staining.
Dry weight estimations. Samples of 100 g of egg waste homogenate were placed in an open dish and dried to a constant weight in an oven set at 60°C.
Protein estimation. Estimations of protein were carried out on egg homogenates by the micro-Kjeldahl technique (1) .
Bacterial colony counts. The number of surviving bacteria in the egg homogenates during the decontamination cycle was determined by the method of Miles and Misra (3) . Tenfold dilutions of egg waste homogenate were made, 1.0 ml being added to 9.0 ml of nutrient broth; a fresh pipette was used for every dilution. A 0.5-ml sample of dilution was dropped on the surface of a 2% nutrient agar plate. The plate was dried with the lid raised for 1 h. Counts were made after 48 h of incubation at 37°C, and an estimate was made of the number of organisms in the original sample.
Amino acid analyses. Free amino acids and amino acids associated with proteins in the homogenates were quantitated on a Beckman (Munich) Multichrom M amino acid analyzer by the method of Moore et al. (4) . Samples for the assay were prepared as follows.
(i) Free amino acids. Solids were removed from a weighed sample containing norleucine as the internal standard by centrifuging at 40,000 rpm for 0.5 h in a Spinco type 40 fixed-angle rotor. The supernatant fluid, after treatment with picric acid to remove protein, was used as the assay sample.
(ii) Total amino acids. A weighed sample was placed in a 7-by 1.5-cm screw-capped test tube and dried over sodium hydroxide pellets to determine the total solids content. The residues were then suspended in an ampoule with constantboiling-point hydrochloric acid. Norleucine was added as an internal standard. The 
RESULTS
Volume of infected embryo homogenates. In a preliminary experiment, 660 ml of allantoic fluid was recovered from 85 allantoically inoculated 11-day-old embryonated chicken eggs. The remaining parts of the eggs were homogenized in a blender, and the volume of the homogenate totaled 4.23 liters (or 51 ml per egg). Included among the eggs for disposal after processing was a variable proportion of unopened eggs which were discarded after screening but before the virus was harvested. The device was designed to decontaminate a maximum of 35,000 eggs on a single day, based on an average volume of 59 ml per egg or a total volume of 2,065 liters. Allowance was made for the addition of 600 liters of water to the tank during homogenization to assist the operation of the Wastemaster. Over a 7-year recording period, the mean volume of the eggs varied between 48 and 59 ml, depending on the supplier and the time of delivery. However, as the waste level was adjusted on each occasion to the same final volume, these differences were immaterial. The average allantoic fluid concentration per embryo over the period was 8 ml.
Determination of the coagulation temperature of the infected embryo suspension. An important design constraint of the apparatus was the need to use a temperature high enough to inactivate any virus present, yet lower than that which would coagulate the egg proteins which were present in relatively high concentrations in the suspension. For example, the total protein nitrogen concentrations of homogenates prepared during trials A and B (see above) were 3.1 and 3.5 mg ml-', respectively, and the total solids contents were 4.2 and 4.7% (wt/wt). The total volume of each was 6,000 liters after dilution. Coagulation of such a large volume of egg proteins would prevent the normal removal of the suspension from the apparatus after decontamination. The coagulation temperature of a homogenized embryonated egg suspension was determined in a pilot experiment by preparing 20-ml dilutions in water (initial protein concentration, 25.5 mg of nitrogen ml-'; total solid content, 32%
[wt/wt]). Each dilution was incubated in a test tube for 30 min in a hot-water bath of known temperature and observed for coagulation by inverting the tube. If no coagulation occurred, the test was repeated on the same sample in a water bath 5°C warmer than the previous one. The results in Table 1 indicate that the coagulation temperature for each dilution was dependent on the protein concentration and was first observed in the undiluted homogenate at 70°C. No further coagulation could be observed after heating at this temperature for extended periods. In addition, nine separate similar experiments were carried out with suspensions of egg waste homogenate over a dilution range of 1:1 to 1:2 in distilled water for periods of 1 to 5 h at temperatures of 70 to 80°C. Coagulation was only observed when the suspensions were heated to temperatures above 70°C. An inactivation temperature of 60°C was chosen for the operation of the device to allow a margin for safety in case of temperature fluctuations.
Inactivation of nonrecoverable influenza virus associated with chicken embryos. The infectivity of the homogenate in the decontamination tank during and after heating to a maximum temperature of 60°C was determined in production runs A and B (see above). Samples of the circulating suspension were taken at valve Vll (Fig. 1) , and the temperature of the main tank was recorded continuously on a chart recorder attached to the temperature probes. The infectious virus remaining in each sample, determined by APPL. ENVIRON. MICROBIOL. plaque assay, is shown in Fig. 3 . No virus was detected in either suspension after the contents of the tank reached 60°C, which occurred after approximately 3 h of heating. As a precautionary measure, the homogenates were maintained at 60°C for a further 3 h. The timing of this maintenance period was regulated by the temperature controller. If the temperature fell below the set point, the timing was delayed until the temperature was restored. Bacterial content of egg waste homogenates. Colony counts of samples taken at time zero and after 6 h from suspensions A and B (Fig. 3) were 4.85 x 104 and 10 ml-' (0.03% survival) and 4.05 x 105 and 2.17 x 102 mI-1 (0.5% survival), respectively.
A further experiment was carried out in which residual virus and bacteria were monitored in a suspension containing 10,000 chicken embryos. Precisely the same virus inactivation kinetics were observed as for Fig. 3 , and the final bacterial concentration was 0.03% of that present in the initial sample.
Efficiency of recovery of eggshell material by the cyclone. Recoveries were estimated at various underflow rates, which were adjusted with valve V8 (Fig. 1) . The initial sample, before passage through the cyclone, was taken at Vll, and the final sample was taken in the stream entering the main tank at valve V7. Any organic matter associated with the shell fragments was removed by placing the samples in 500-ml graduated cylinders and continuously washing them with a stream of water applied to the bottom of the cylinder. The velocity of the water was carefully adjusted to approximately 1 liter min-' to ensure that the eggshell remained near the bottom of the cylinder and that organic materials were washed away.
When the suspension had been cleared of organic material, a dry-weight determination was made of the eggshell particles remaining. The results of several experiments revealed that very high recoveries were achieved over a range of flow rates ( The resulting suspension represents a potentially useful source of protein and calcium for inclusion in animal feedstocks. The processing of an average 20,000 eggs per day in our own institution produces 120 kg of protein per day (assuming a mean total protein nitrogen concentration for all suspensions of 3.2 mg ml-'; mean for suspensions for A and B) and 90 kg (dry weight) of crushed eggshell per day (assuming 4.5 g per egg). Except for cystine, all essential amino acids appeared proportionately represented when assayed chromatographically. The reasons for the low concentration of cystine are unclear but appear to be unrelated to either the heating procedure or the separation of eggshell material from the homogenate, as the concentration of this amino acid did not appear to vary significantly throughout the process (Table 3) . Cystine, however, is known to have a sparing effect on methionine and is therefore classified as 'semi-essential" (2) . Methionine was present at a concentration of 19.4 and 20.1% of normal total embryo proteins. The disproportionately low value for total histidine (4.5% of normal egg amino acids) obtained after heat inactivation in the second determination (Table 3 ) also appears to be unrelated to the inactivation procedure. After decontamination, the homogenate could be further processed and the protein present could be concentrated or included directly with other animal feedstocks.
The cost of disposal of eggs by the method described in this paper has been compared with the cost of disposal by oil-fired incineration. The operating cost by incineration calculated over two production seasons was $10.80 per 1,000 eggs at 1982 prices ($A1 = $US1). This cost included fuel oil, labor, waste removal, and maintenance. The operating costs of the device described in this paper, taking into account the cost of steam, electric power, labor, waste removal, and maintenance, was $0.58 per 1,000 eggs, which offers a significant advantage. The estimated construction cost of the apparatus, based on 1982 prices, is $35,000; the cost of construction for an incinerator suitable for decontamination of similar numbers of eggs is $50,000. A further, but as yet unmeasured, cost offset is the capacity of the apparatus to allow the recovery of usable protein and eggshell material from the suspension.
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